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INTRODUCTION
The quantification of body composition into its fat and fat free components is important in order to describe excesses or deficiencies of fat and Fat Free Mass that have significant associations with the risk or onset of diseases. Increase in the prevalence of body fat within a population often precedes a rise in the occurrence of chronic diseases, such as diabetes mellitus and hypertension (1) . Methods often used globally in assessing body composition include the use of Body Mass Index (BMI) which is cheap and non-invasive but non-specific and not an accurate means of measuring body fat, Bioelectric Impedance Analysis (BIA) which is affordable and portable but its accuracy and precision might be affected by subject factors such as races, ethnicity and tends to either underestimate the underweight or overestimate the obese. Other methods include Isotope Dilution (ID) technique, Hydro densitometry (Underwater Weighing), Near Infrared Intereactance (NII), Dual Energy X-ray Absorption (DEXA), Bioelecctrical impedance Analysis, Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Air Displacement (AD) and anthropometry (skinfolds and circumferences). Each with its merits and limitations. Isotope dilution is the gold standard. It is an in-vitro and a non-invasive method. It is a more rigorous method but provides an accurate means of determining body composition. Anthropometric measures for the evaluation of body fat such as hip to waist ratio (HWR) are among the most frequently used for the diagnosis of diseases. They are cost effective and easily performed but cannot thoroughly determine the distribution of body fat (2) (3) (4) . Similar work was done by Oketayo and Ojo (5) using Bioelectrical Impedance technique as reference which tends to consistently overestimate lean people and underestimate obese people. There is therefore the need to develop simple and a better means of assessing body composition such as predictive equations using mathematical relationships which put into consideration the important sites for fat distribution/storage in the subjects concerned.
In this work, isotope dilution method (often called gold standard technique) was used as a reference (to calibrate the existing bioelectric impedance (BIA) equipment and) to develop anthropometry based predictive equations for estimating body fat, specifically for Nigerian women generally, and on the basis of three major ethnic groups in Nigeria.
MATERIALS AND METHODS

Subject Description and Collection of Anthropometric Data
A total of one hundred and seventy three (173) healthy Nigerian women (which included 81 Yorubas, 32 Hausas and 60 Igbos) aged 18-55 years were recruited into the study using purposive sampling technique after collecting ethical clearance from Obafemi Awolowo University Teaching Hospital Complex, Ile-Ife Ethical committee. Only those who were willing to participate and those who completed the protocols were finally recruited after explaining the details of the study to them. Subjects' height were measured to the nearest 0.1 cm by having the subject stand erect, looking straight ahead, against a calibrated wall while the body weight (with minimal clothing and without foot wears) was obtained to the nearest 0.1 kg using an electronic weighing balance. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (W/H 2 ). Skinfold thicknesses such as biceps, triceps, scapular, subscapular, suprailiac and abdominal were determined using Langre Callipers while circumferences such as forearm, neck, wrist, waist, hip and abdominal were measured (each thrice) using standard tape rule and in accordance with WHO guidelines.
Determination of Subject's Body Fat
The Bioelectrical Impedance (BIA) technique was first used in this study to determine the subjects' percentage body fat and latter validated by the isotope dilution method (the gold standard and a more reliable technique).
BIA Technique:
Fat has very high electrical impedance, compared to other tissues. Hence by sending an appropriate alternating current through the body, the total impedance of the body can be obtained. The total impedance increases with BF (using a Tanita body composition analyzer -BF 350). The computer software embedded in the product uses the impedance, subject's gender, height, fitness level, age and weight to determine the percentage body fat based on equation or formula. It determines the % BF to the nearest 0.1 %.
2.2.2
Isotope Dilution Method: Saliva samples were first collected from the subjects ,first before the administration of an oral dose of 20 mg of sterile 99.9 % deuterium oxide and four hours later (ensuring minimal physical activities)Saliva sample was collected by having the subjects expectorate into a clean plastic 4 mL tube. In order to remove particulate matters in saliva, the samples were centrifuged at 3000 rpm for 15 minutes .The clear supernatant saliva samples were retrieved with pasteur pipettes, transferred into new tubes and stored at -20 o C, until analysed. The enrichment of deuterium in the saliva samples were determined by Fourier Transform infrared spectroscopy using the vibrational band produced by deuterated water between 2400 and 2600 cm -1 ,in the infrared region of the spectrum (6) . This was done at the Multidiscipilinary Research Laboratory of the University of Ibadan, using a special calcium fluoride cell made available by the Central Science Laboratory of the Obafemi Awolowo University, Ile-Ife.
Standards of D2O, (0, 100, 200, 400, 600, 800, 1000, 1500 and 2000 ppm) were prepared gravimetrically using local drinking (tap) water and the 99.9 % 2 H deuterium oxide administered to the subjects according to International Atomic Energy Agency (IAEA) Standard Operating Procedures. The deuterium enrichment (mg / kg) in the stock and standard solutions were calculated using the formular
The deuterium enrichment (mg / kg) in the stock and standards was also measured using the FTIR spectrometer after the background scanning to ensure that there is no contribution of CO2 to the deuterium peak in the spectrum (without loading the sample). The calculated enrichment was plotted against measured enrichment to obtain the calibration curve. The procedure was repeated twice to ensure proper calibration of the equipment before use.
After obtaining a good calibration curve (r=0.9998), the baseline and post-dose saliva samples for each subject were analyzed (20 scans) at 2300 -2900 cm -1 at the same absorbance band.
The total body water (TBW) was calculated using (2) while the Fat Free Mass (FFM) was determined using (3) Where VD is the volume of distribution of deuterium (also known as the pool space) bearing in mind that the hydration of FFM in the body is remarkably constant between species. FFM in adults is assumed to be 73.2 % water. Also, VD must be corrected for non-aqueous-isotopic exchange. Non-aqueous isotopic exchange for deuterium is assumed to be 4.1 % of the pool space (6) .
Fat mass (FM) was calculated as the difference between FFM and body weight (4) Hence, the percentage body fat (also known as FM %) gives (5) (IAEA, 1999)
Development of Predictive Equations
In this study, with SPSS 16 forward selection regression procedure was used in the selection of the predictor variables. This procedure involves the selection of predictor variable that has the highest correlation with the response variable to formulate a one-predictor variable equation. A second predictor variable that has the highest R or R 2 value with the response variable is then selected among the remaining predictor variables (to have a two-predictor variable equation). The larger the R 2 value, the better the equation fits the data. The significance of contribution to the equation is evaluated by the R 2 value, partial F-test and Standard error (SE). R 2 is the coefficient of determination and it represents the total variance in the response variable that is explained in the predictor variables in the equation. The procedure is continued until the inclusion of any of the remaining predictor variables does not significantly improve the equation (7) . The Root Mean Square Error (RMSE) was calculated using (6) where n is the no of observation and p is the no of predictor variables.
The residual plot is determined using
To cross-validate the obtained equations, more female Nigerian subjects (within the same age range) were recruited from the same population. Anthropometric measurements were also carried out on them by the same field assistants using the same procedures and equipment.
The derived equations in this study were applied to these group with the pure error determined using the expression 
RESULTS
The descriptive statistics of the subjects' body weight, % BF, skin-folds and the body circumferences were given as range and mean ± SD on the basis of the three major ethnic groups in Nigeria and as a group (in Table 1 ). The degree of correlation among the parameters measured were sought for (at 0.01 and 0.05 level of significance) using Pearson product moment correlation ( Table  2) . All analyses including formulation of predictive equations were made using SPSS for Windows version 15.0 (SPSS, Chicago, USA). Table 2 shows the degree of correlation among these parameters and the important sites for fat distribution in Nigerian women. The final best predictive sex and ethnicityspecific equations combining the subjects' body weight and circumferences were expressed in Table 3 while Table 4 presents the model summary of the predictive equations developed. Table 1 briefly summarized the anthropometric characteristics and percentage body fat (%BF) of the respondents. It was observed that as the age increases, the % BF increases as well. This result was in line with the findings of Silver et al (8) .
DISCUSSION
It was also observed that the BMI increased with age which was similar to the findings of Reas et al (9) .
From Table 2 , it is obvious that the fat distribution among the Nigerian women were more noticeable around their abdominal, waist and hip circumferences. Epidemiological studies have increasingly stressed the importance of fat distribution in determining cardiovascular risk status (2) . For the Yoruba women, fats were distributed around the waists and the hips, thus conferring on them the" pear shape "morphology with less cardiovascular risk. The Hausa (weight/abdominal circumference) and the Igbo (abdominal and hip circumference) women may be more prone to cardiovascular problems when compared to the Yoruba women by the virtue of their body fat distribution (2) . They tend to have an 'apple' shape morphology, thus exposing them to risks associated with android obesity (Goon, 2010) . This result is similar to the one reported by Goon (2010) where high abdominal central body fat was observed among Nigerian women in Markudi. The implication of this finding is that the Hausa and Igbo women may be susceptible to metabolic disorders and cardiovascular risks. Using ANOVA, it was also observed that there was no significant difference in the fat distribution along the waist line of the three ethnic groups (p < 0.001). However, the Igbo women had more fat along their hip region than the Yoruba and Hausa women; the reason for this is not known but may be due to genetic factor.
The final best predictive sex and ethnicity-specific equations combining the subjects' body weight and circumferences were expressed in Table 3 . Natural logarithm was introduced to further improve the R 2 values. The R and R 2 values for the developed equations were higher than the existing equations from the literature indicating the fitness of our equations to the data/population considered. Table 3 ) indicating a negligible tendency for either underestimation or overestimation of % BF in underweight and obese subjects. For the four equations developed (at 95% confidence interval), the regression sum of the squares were significantly higher than the residual sum of the squares (Table 4 ) indicating that about 95 % of the variation in percentage body fat is explained by the model. 
Implication for practice/policy
This work established the fact that body build and anthropometric parameters do vary very significantly from one race to another asides sex, age and other factors. From our findings, the anthropogenic predictive equations developed could be used for body fat estimation in lieu of isotope dilution technique for the subjects.
CONCLUSION
In this study, the body fat of Nigerian women (aged 18-55 yrs) was estimated using isotope dilution (gold standard) technique. One general and three ethnicity-based predictive equations were also developed using regression analysis (with forward selection regression procedure for choosing predictor variables) and stable isotope dilution technique as reference. The result shows that ethnicity (genetics) is an important factor in fat distribution in the body. This is similar to previous findings by Amy et al (12) that body composition is strongly influenced by genetic and environmental factors. The environmental factors most responsible for the determination of body composition are energy intake and energy expenditure in form of physical activity level. The low SEE, PE, RMSE as well as high R 2 and R values obtained when the equations were applied to cross-validation groups established the precision and reliability of these equations for these group of Nigerian subjects. These equations are easy to use and recommended for use in clinical or epidemiological settings in populations with similar ethnic background in lieu of isotope dilution technique.
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